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INTRODUCTION 
Methods of f i s h  s i z i n g  u s i n g  t h e  r e f l e c t e d  sound s i g n a l  from i n d i -  
v i d u a l  f i s h  a r e  developed (CUSHING 1968,  CRAIG and F.0RBES 1969,  
M I D T T U N  1 9 6 6 ) .  I t  h a s  a l s o  been s u g g e s t e d  t h a t  d i s c r i m i n a t i o n  
between s p e c i e s  might  be p o s s i b l e  by s t u d y i n g  t h e  change i n  t a r g e t  
s t r e n g t h  when i n d i v i d u a l  f i s h e s  p a s s  th rough  t h e  sound beam 
(MIDTTUN and NAKKEN 1 9 7 1 ) .  S e v e r a l  workers  have  s t u d i e d  t h e  £ r e -  
quency r e s p o n s e s  o f  , f i s h  i n  o r d e r  t o  f i n d  methods of  i d e n t i f i c a t i o n  
and s i z i n g  (McCARTNEY and STUBBS 1971,  HOLLIDAY 1 9 7 2 ) .  So f a r ,  
t h e  r e l a t i o n s  between t a r g e t  s t r e n g t h ,  and f i s h  s p e c i e s  and s i z e  
a r e  n o t  s a t i s f a c t o r l y  known t o  e n a b l e  u s  d o i n g  a c c u r a t e  s i z i n g  and 
r e l i a b l e  i d e n t i f i c a t i o n  a s  r o u t i n e  work a t  s e a .  
Due t o  t h e  complex i ty  o f  f a c t o r s  govern ing  t h e  r e f l e c t i o n  o f  sound 
from f i s h  it i s  i m p o s s i b l e  t o  c a l c u l a t e  t h e  s c a t t e r e d  sound f i e l d .  
Thus t h e  r e l a t i o n s  between t a r g e t  s t r e n g t h  and f i s h  p a r a m e t e r s  
( i . e .  s p e c i e s a n d  s i z e )  have t o  be e s t a b l i s h e d  e m p i r i c a l l y  and t h e r e  
a r e  two ways o f  approach .  F i r s t ,  series o f  t a r g e t  s t r e n g t h  
measurements can be made wi th  c a l i b r a t e d  echosounders a t  s ea  
provided t h a t  t h e  f i s h  under obse rva t ion  w i t h i n  each s e r i e s  
belongs t o  on ly  one s p e c i e s  and of equa l  s i z e ,  and t h a t  r ep re -  
s e n t a t i v e  f i s h  samples can be caught .  The t a r g e t  s t r e n g t h  
observed by t h i s  method w i l l  be an "average d o r s a l  a s p e c t  t a r g e t  
s t r e n g t h "  depending on t h e  unknown average i n c l i n a t i o n  d i s t r i -  
bu t ion  of t h e  f i s h e s  under obse rva t ion .  Second, t h e  t a r g e t  
s t r e n g t h  can be measured under f u l l y  c o n t r o l l e d  c o n d i t i o n s  i n  
l a b o r a t o r y  exper iments  and s e v e r a l  works of t h i s  k ind  have 
been r epo r t ed  (LOVE 1969 and 1971, HASLETT.1969, McCARTNEY and 
STUBBS 1971, MIDTTUN and HOFF 1962, SHIBATA 1970) .  But a s  t h e  
average i n c l i n a t i o n  of  t h e  f i s h  i n  t h e  f i e l d  has  n o t  been con- 
s i d e r e d ,  t h e  r e s u l t s  from such experiments might b i a s  t he  
e s t i m a t e s  of f i s h  l e n g t h s  made a t  s ea  ( M I D T T U N  and NAKKEN 1971) .  
To suppor t  such measurements obse rva t ions  of f i s h  i n c l i n a t i o n s  
should t h e r e f o r e  be a v a i l a b l e  (OLSEN 1971, BARHAM 1970, BELTESTAD 
1973) .  
I n  o r d e r  t o  o b t a i n  more knowledge of t h e  back s c a t t e r i n g  prop- 
e r t i e s  of t h e  f i s h  s p e c i e s  which a r e  most commonly recorded i n  
t h e  n o r t h - e a s t e r n , A t l a n t i c ,  s t u d i e s  of t a r g e t  s t r e n g t h  of i n d i -  
v i d u a l  f i s h  were c a r r i e d  o u t  d u r i n g  summer 1971. The experiments 
were c a r r i e d  o u t  a t  two f r equenc ie s  which a r e  commonly used i n  
f i e l d  work. I n  t h i s  paper r e s u l t s  of t h e s e  s t u d i e s  a r e  r epo r t ed .  
Es t imates  of t a r g e t  s t r e n g t h  which a r e  t o  be expected a t  s ea  a r e  
ob ta ined  by combining t h e  exper imental  r e s u l t s  wi th  f i e l d  obser-  
v a t i o n s  of f  i s h  i n c l i n a t i o n .  
MATERIAL AND METHODS 
Experimental  set-up 
The exper iments  were c a r r i e d  o u t  i n  a  s h e l t e r e d  i n l e t  which is 
2 0 0  m a c r o s s ,  12 - 1 4  m deep wi th  s o f t  bottom. The exper imenta l  
se t -up i s  shown i n  F ig .  1. An anchored r a f t  c a r r i e d  both  t h e  
l a b o r a t o r y  and t h e  accomodations f o r  t h e  s t a f f .  
The upward looking t r a n s d u c e r s  were mounted i n  a  h e a v i l y  loaded 
s t e e l  frame submerged from the  r a f t  i n  a d j u s t a b l e  wi res .  The 
f i s h  w e r e  k e i t  i n  an Lpside down p o s i t i o n  i n  t h e  c e n t r a l  p a r t  
of t h e  sound beam by a  frame o f  t h i n  nylon g u t .  A s p e c i a l  
h o i s t i n g  dev ice  made it p o s s i b l e  t o  hook t h e  f i s h  t o  t h e  frame 
a t  t h e  s u r f a c e  and then  lower it t o  t h e  measuring p o s i t i o n  a t  
The a s p e c t  of t he  f i s h  could be cont inuous ly  changed i n  two 
ways, t i l t i n g  and r o l l i n g ,  wi thout  any change of hooking. 
The f i s h  was t i l t e d  by o p e r a t i o n  of t h e  automat ic  " t i l t i n g  b a r "  
O between -45O and +45O of h o r i z o n t a l  p o s i t i o n  wi th  - + l  accuracy.  
The t i l t i n g  speed was lo p e r  second. When only tilt v a r i a t i o n s  were 
I wanted a s t a b l e  upside  down p o s i t i o n  was ob ta ined  by smal l  f l o a t s  
a t t a c h e d  t o  t he  f i s h  b e l l y .  When r o l l  v a r i a t i o n s  a l s o  were wanted 
t h i n  nylon g u t s  from t h e  f i s h  s i d e s  t o  a  smal l  wheel r ep l aced  
t h e  f l o a t s .  The wheel was ope ra t ed  manually and worked normal 
t o  t h e  " t i l t i n g  ba r " .  For complete change of a s p e c t  t h e  f i s h  was 
hauled t o  t he  s u r f a c e  and t h e  p o i n t s  of hookinq changed. 
In s t rumen ta t ion  and d a t a  r e c o r d i n g  
I A block diagram of t h e  i n s t rumen ta t ion  i s  shown i n  F ig .  2 .  Two 
echosounder working a t  f r equenc ie s  38 kHz and 120 kHz (Simrad 
Ek  38 A and.Ek 120 A )  and wi th  t r ansduce r s  10 x 10 c m  and 5  cm 
i n  d iameter ,  were used. The t r a n s m i t t e d  p u l s e l e n g t h s ,  measured 
a t  h a l f  t h e  ampli tude,  w e r e  0.6 mi l l i s econd  f o r  bo th  sounders .  
i 
I 
l The r e p e t i o n  r a t e  of t h e  sounders  were i nc reased  t o  4 p u l s e s  pe r  
I 
l second. For measuring and r eco rd ing  of d a t a  a  two channel  
o s c i l l o s c o p e  (Hewlett Packard,  1 4 1  A ) ,  an echo i n t e g r a t o r  (Simrad 
echo i n t e g r a t o r ,  QM) w i th  a  two channel  r eco rde r  (Hewlett  Packard,  
7702 B)  and a  p o l a r p l o t  l e v e l  r eco rde r   r ru el and Kjær 2304) were 
used. One of t h e  channels  of bo th  t h e  o s c i l l o s c o p e  and t h e  
i n t e g r a t o r  r eco rde r  was used f o r  p r e s e n t a t i o n  of echo ampl i tudes ,  
on t h e  o t h e r  channel  t h e  corresponding tilt a n g l e s  were recorded.  
A f i l m  camera t r i g g e r e d  by the  echosounders was a t t a c h e d  t o  t h e  
I o s c i l l o s c o p e .  
A hydrophone (LC 32, A t l a n t i c  R e s . )  was used f o r  c a l i b r a t i o n  of t he  
equipment. In-add-ition, a  d a i l y  c a l i b r a t i o n  was c a r r i e d  o u t  by 
measuring t h e  t a r g e t  s t r e n g t h  of a  r i g i d  s t e e l  sphere ,  5  cm i n  
d iameter ,  which was lowered i n t o  t he  measuring p o s i t i o n .  
During one measuring program t h e  t i l t i n g  bar  s t a r t e d  from h o r i -  
z o n t a l  p o s i t i o n ,  moved t o  +45O, back aga in  through t h e  h o r i z o n t a l  
t o  -45' and then  back t o  O .  During t h e  f i r s t  q u a r t e r  of t h i c  
c y c l e  s u i t a b l e  g a i n  s e t t i n g s  were s e l e c t e d .  The d a t a  c o l l e c t e d  
dur ing  t h e  complete h a l f  c y c l e  between +45O and -45O was used 
f o r  f u r t h e r  t r ea tmen t .  F ig .  3  shows examples of r eco rd ings .  
The f i s h  was stunned o r  k i l l e d  by h i t t i n g  t h e  f r o n t a l  p a r t  of t h e  
b r a i n  by a  sha rp  t o o l .  When suspending t h e  f i s h ,  c a r e  was taken 
t o  avoid a i r  i n  g i l l s  and stomach. The measurements were s t a r t e d  
immediately a f t e r  t h e  f i s h  had been lowered i n t o  t he  measuring 
p o s i t i o n .  I n  o r d e r  t o  o b t a i n  necessary  in format ion  about  t h e  
r e l a t i o n  between t a r g e t  s t r e n g t h  c h a r a c t e r i s t i c s  of dead and l i v e  
f i s h ,  a  few f i s h  were a l s o  measured a l i v e .  They were then  al lowed 
t o  move t h e i r  t a i l  and body wi thout  changing t h e i r  p o s i t i o n s  w i t h i n  
t h e  sound beam. 
Data p roces s ing  
The recorded d a t a  c o n s i s t i n g  of correspondinq va lues  of v o l t a g e ,  
V,  and tilt a n g l e , q ,  (F ig .  3)  were t r a n s f e r r e d  t o  punchcards.  
The amount of d a t a  punched from each obse rva t ion  s e r i e s  were 1 
l a r g e  enough t o  ensu re  s u f f i c i e n t  reproduc t ion  of t h e  diagrams.  
The c a l c u l a t i o n s  of t a r g e t  s t r e n g t h ,  TS, were done by computer 
from equa t ion  
where V i s  t h e  observed v o l t a g e ,  V, i s  t h e  v o l t a g e  from t h e  
r e f e r e n c e  sphere  and TSr i s  t h e  t a r g e t  s t r e n g t h  of t h e  r e f e r e n c e  
sphere  i n  d e c i b e l  (dB).  The t h e o r e t i c a l  va lue  of TSr  i s  -38.1 dB 
whi le  t he  measured v a l u e s  u s ing  t h e  d a t a  ob ta ined  by hydrophone 
c a l i b r a t i o n ,  were -38.0 dB and -38.5 dB f o r  t h e  38 kHz and t h e  
120 kHz ecnosounders r e s p e c t i v e l y .  When computing T S ,  t h e  
measured va lues  of TSr were used.  
A s  a  f i r s t  s t e p  i n  t h e  a n a l y s i s  of t h e  m a t e r i a 1 , ~ o u t p r i n t s  o f  
t h e  fo l lowing  paramete rs  from each f i s h ,  s p e c i e  and a s p e c t  
were made: 
No : F i s h  r e f e r e n c e  number 
L : F i s h  l e n g h t  ( i n  cm) 
TSmax : Maximum observed t a r g e t  s t r e n g t h  ( d ~ )  
e/ : T i l t  a n g l e ,  q ,  ( i n  deg ree s )  , a t  TSmax 
Cf) i s  n e g a t i v e  f o r  head down, p o s i t i v e  f o r  head up. 
FV1 : i n t e r v a l  o f 9  w i t h i n  which TS 1 TS max -6 dB 
FV2 : I n t e r v a l  of q w i t h i n  which TS 2 TSmax - 1 0 d ~  
\ FV3 : I n t e r v a l  o f  <p w i t h i n  which TS 1 T S ~ ~ ~  -20 d~  
n  1 : T o t a l  number of l o b e s  where TSZ TSmax -6 dB 
n2 : T o t a l  number o f  l obes  where TS 2 TSmax -10 dB 
n 3  : T o t a l  number o f  l obes  where TS Z T S m a x  -20 dB 
: Mean ampl i tude  w i t h i n  FV1 
v2 : Mean ampl i tude  w i t h i n  FV2 
v3 : Mean ampl i tude  w i t h i n  FV3 
A : Running mean of  amp l i t udes ,  c a l c u l a t e d  from t h e  
f  ormula 
1 
6 i 
t o  +45O. A was p r i n t e d  
o u t  f o r  = - 2 1 ,  -15, - 9 ,  -3, 3 ,  9; 15  and 21°.  
A3 ,: Maximum v a l u e  of A 
F I  : Value of  q when A = A3 
A l i n e a r  r e l a t i o n  between maximum d o r s a l  a s p e c t  t a r g e t  s t r e n g t h  
(Tsmax ) and f i s h  l e n g t h  ( L )  
TSmax = m l o g  10 L + b  (11) 
was assumed t o  e x i s t  f o r  each s p e c i e s  and f requency and t h e  c o e f f i -  
c i e n t s  m and b  w e r e  c a l c u l a t e d  by a  l e a s t  mean square  r e g r e s s i o n  
a n a l y s e s .  
TS - l e n g t h  r e l a t i o n s ,  t a k i n g  i n t o  account d i s t r i b u t i o n  of t h e  
tilt a n g l e , Q ,  which have been observed a t  s e a , ( f i g .  4 )  were 
computed f o r  two s p e c i e s ,  cod and h e r r i n g ,  a t  38 kHz. The 
fo l lowing  formulas were used: 
s e a  
' s e a  
and TSsea = 2 0  l o g  -+ TCr 
v 
r 
1 
where k4  i s  t h e  f r equenc ie s  given i n  F ig .  4 ( i n  6 degree  c l a s s e s  
o f q )  and A i s  t h e  ampli tude of t h e  J - t h  f i s h  a t  tilt angle  g YJ 
bveraged i n  6 degree  c l a s s e s  o f c p ) ,  n  i s  t h e  number of f i s h  i n  
each i n v e s t i g a t e d  l e n g t h  group (Table  1) .  
RESULTS 
The obse rva t ions  and t h e  r e s u l t s  of  t h e  l e a s t  mean square  r e g r e s s i o n  
(TSmax=nlog10 L + b )  a r e  shown i n  Table 2 and Fig: SA-E. I t  
appears  t h e - r e g r e s s i o n  l i n e s  f o r  cod,  s a i t h e  and po l l ack  a lmost  
co inc ide ,  whi le  t h o s e  f o r  s p r a t  and h e r r i n g  a r e  d i f f e r e n t .  The 
two l a t t e r  s p e c i e s  having lower maximum d o r s a l  a s p e c t  t a r g e t  
s t r e n g t h s  t han  t h e  gadoids.  The o t h e r  measured f i s h  were e i t h e r  
t o o  few i n  number or t h e  l e n g t h  range was t o  narrow f o r  apply ing  a  
l e a s t  mean square  r e g r e s s i o n  and t h e  r e s u l t s  f o r  t h e s e  f i s h  a r e  
shown i n  Table  3 and F ig .  5F. I n  F ig .  SF t h e  r e g r e s s i o n  l i n e  f o r  
cod i s  shown f o r  comparison. The maximum d o r s a l  a s p e c t  t a r g e t  
s t r e n g t h  of t h e s e  s p e c i e s  i s  approximately 1-3 dB l e s s  t han  t h a t  
of cod, except  f o r  mackerel ,  d o g f i s h  and prawns which a l l  show 
cons ide rab ly  lower va lues .  The mean va lues  of  mackerel a r e  1 0 - 1 1  
dB lower t h a n - t h o s e  of cod, and 3-4 dB lower t han  f o r  h e r r i n g .  
The TS-length r e l a t i o n s  which a r e  t o  be expected a t  s e a ,  a t  38 kHz, 
app ly ing  t h e  d i s t r i b u t i o n s  of tilt ang le  (Fig.. 4 )  t o  a l l  l e n g t h  
groups a r e  shown i n  F ig .  6  f o r  cod and h e r r i n g .  F ig .  6A shows t h a t  
t h e  expected mean va lue  of a  t a r g e t  s t r e n g t h  d i s t r i b u t i o n  of cod 
w i l l  be 8-9 dB lower t han  t h e  corresponding maximum va lues .  
The r e s u l t s  a r e  compared wi th  t he  f i e l d  0bs.ervation.s made 
by MIDTTUN and NAKKEN (1971). Assuming a l l  f i s h  observed t o  be 
h o r i z o n t a l ,  t he  expected TS-length r e l a t i o n  f o r  obse rva t ions  
w i th  a  6O t r ansduce r  beamwidth w i l l  'be a s  i n d i c a t e d  by l i n e  I1 
(F ig .  6A). For h e r r i n g  t h e  expected t a r g e t  s t r e n g t h s  a t  s e a  
w i l l  be 6 dB lower than t h e  corresponding maximum va lues  (F ig .  
6B).  The d i f f e r e n c e s  between day and n i g h t  va lues  a r e  i n s i g n i -  
f i c a n t .  The r e l a t i v e l y  smal l  d i f f e r e n c e  between t h e  expected 
and t h e  maximum observed v a l u e s  of TS a t  smal l  f i s h  l e n g t h s  
(F ig .  6A), i s  caused by t h e  les ;  d i r e c t i v i t y  of smal l  f i s h e s .  
, The e f f e c t  of swimming on t a r g e t  s t r e n g t h  i s  shown i n  F ig .  7 
and F ig .  8 .  The movements of t h e  f i s h  in t roduced  a  v a r i a t i o n  
i n  t a r g e t  s t r e n g t h  and t h i s  v a r i a t i o n  i n c r e a s e s  wi th  i n c r e a s i n g  
swimming a c t i v i t y .  NO s i g n i f i c a n t  change i n  mean v a l u e s  of 
t a r g e t  s t r eng thcan  be seen  (Table  4 ) .  F ig .  8  i n d i c a t e s  a  
p e r i o d i c  r e l a t i o n  between t a r g e t  s t r e q t h a n d  t a i l  b e a t .  
I n  Table  5 i s  shown a  comparison between t h e  maximum d o r s a l  and 
maximum s i d e  a s p e c t  t a r g e t  s t r e n g t h .  None of t h e  s p e c i e s  observed 
shows a  l a r g e r  mean d i f f e r e n c e  than  4 dB and s i g n i g i c a n t  d i f f e r e n c e s  
are obta ined  on ly  f o r  cod,  h e r r i n g  and s p r a t .  F ig .  9 which 
p r e s e n t s  t a r g e t  s t r e n g t h  a s  a  f u n c t i o n  of r o l l  ang le  i n d i c a t e s ,  
however, t h a t  t h e  cod may have cons ide rab ly  lower t a r g e t  s t r e n g t h s  
i a t  r o l l  ang le s  l a r g e r  t han  approximately 30°. 
The r e l a t i o n  between mean v a l u e s  of maximum d o r s a l  a s p e c t  t a r g e t  
s t r e n g t h  i n  each l e n g t h  group and t h e  ang le  between 6 dB p o i n t s  i n  
t h e  d i r e c t i v i t y  p a t t e r n  ( F i g .  3 )  i s  shown i n  F ig .  1 0 .  The t h r e e  
curves  a r e  s i g n i f i c a n t l y  s epa ra t ed  and the  ob ta ined  va lues  cor-  
responds t o  t he  f i e l d  obse rva t ions  made by M I D T T U N  and NAKKEN 
(1971) .  
A comparison of a l l  t h e  observed t a r g e t  s t r e n g t h s  f o r  t h e  two 
f r equenc ie s  a p p l i e d  i s  madein F ig .  11, where a l s o  a  frequency 
d i f f e r e n c e  of 2 . 4  dB (de r ived  from equ. TS = 24.5 logl0 L - 4.5 
l o g n -  26.4, McCARTNEY and STUBBS 1971) i s  i n d i c a t e d .  F ig .  11 
i n d i c a t e s  t h a t  t h e  d i f f e r e n c e  i n  t a r g e t  s t r e n g t h  between 38 
kHz and 1 2 0  kHz v a r i e s  wi th  t he  magnitude of t a r g e t  s t r e n g t h  
( f i s h  l e n g t h ) .  
DISCUSSION 
The s l o p e s  of t h e  r e g r e s s i o n  l i n e s  a t  38 kHz f o r  cod,  s a i t h e  
and po l l ack  a r e  i n  accordance w i t h  t h e  r e s u l t s  r e p o r t e d  by 
McCARTNEY and S T U B B S . ( ~ ~ ~ ~ ) .  So i s  a l s o  t h e  s lope  a t  1 2 0  kHz 
f o r  cod, wh i l e  t h e  l i n e s  f o r  s a i t h e  and po l l ack  a t  t h i s  f r e -  
quency show sma l l e r  s l o p e s ,  comparable t o  t h e  f i n d i n g  of LOVE 
(1971) .  The d i f f e r e n c e  i n  t h e  s l o p e s  between 38 kHz and 120 
kHz f o r  po l l ack  may, however, n o t  be s i g n i f i c a n t  s i n c e  t h e  
l e n g t h  range of t he  observed f i s h e s  a r e  narrow and t h e  v a r i a t i o n  
from specimen t o  specimen i s  l a r g e .  The s lopes  f o r  h e r r i n g  and 
s p r a t  a r e  bo th  sma l l e r  t han  t h o s e  found f o r  t h e  gadoid s p e c i e s .  
The appearen t  d i f f e r e n c e  between h e r r i n g  and s p r a t  a r e  no t  
s i g n i f i c a n t  and t h e  da tacould  probably have been t r e a t e d  a s  
from one s p e c i e s ,  r e s u l t i n g  i n  s l o p e s  of approximately 16.0 
and 20.5 dB/decade a t  38 and 1 2 0  kHz r e s p e c t i v e l y .  For f i s h e s  
of l e n g t h s  6-12 cm t h e  d o r s a l  a s p e c t  t a r g e t  s t r e n g t h s  of gadoids  
andclupeoids  a r e  approximately equa l .  For b igger  f i s h  t h e  d o r s a l  
a s p e c t  t a r g e t  s t r e n g t h  of t h e  c lupeo ids  w i l l  be lower a s  compared 
t o  t h e  gadoids ,  t he  d i f f e r e n c e  between a  35 cm cod and a  35 cm 
h e r r i n g  being 7-8 dB. Table 5  shows t h a t  t h e  s i d e  a s p e c t  t a r g e t  
s t r e n g t h  of cod i s  4 dB lower than  t h e  d o r s a l  a s p e c t  t a r g e t  
s t r e n g t h  whi le  h e r r i n g  seem t o  have a  3.5 dB d i f f e r e n c e  t h e  
oppos i t e  way (38 kHz). This  i n d i c a t e s  t h a t  h e r r i n g  and cod have 
approximately  equa l  s i d e  a s p e c t  t a r g e t  s t r e n g t h s  and consequent ly  
a r e  equa l  a s  t a r g e t s  f o r  h o r i z o n t a l  working sona r s .  
The smal l  d i f f e r e n c e  between t h e  c a l c u l a t e d  va lues  which a r e  t o  
be expected a t  s e a  and the  f i e l d  obse rva t ion  of t a r g e t  s t r e n g t h s  
(F ig .  6A) a r e  w e l l  w i th in  t h e  l i m i t s  of  c a l i b r a t i o n  accuracy.  
However, a s  both  the  f i e l d  obse rva t ions  of t a r g e t  s t r e n g t h  and 
the  d a t a  on tilt a n g l e  d i s t r i b u t i o n  a r e  ob ta ined  on spawning cod 
good agreement should be expected.  Line I11 i n  F i g .  6 i s  based 
on t h e  assumption t h a t  a l l k n g t h  groups have equa l  tilt ang le  
d i s t r i b u t i o n s .  To what e x t e n t  t h i s  ho lds  good i s  no t  known a s  
d a t a  on t i l t a n g l e  d i s t r i b u t i o n  according t o  l e n g t h ,  s p e c i e s  
and season i s  l ack ing .  
F ig .  6 B  shows t h a t  t he  change i n  t he  expected t a r g e t  s t r e n g t h s  
f o r  h e r r i n g  from day t o  n i g h t  was i n s i g n i f i c a n t ,  a l though bo th  
t h e  mean and t h e  spread of t h e  tilt ang le  d i s t r i b u t i o n s  changed 
from day t o  n i g h t .  AS t h e  mean va lue  of t h e  day obse rva t ions  
of tilt ang le  i s  much c l o s e r  t o  t h e  ang le  of maximum d o r s a l  
a s p e c t  t a r g e t  s t r e n g t h  than  t h e  mean of t h e  n i g h t  obse rva t ions  
(F ig .  4 ) ,  t h i s  w i l l  cornpensatethe increment i n  spread from n i g h t  
t o  day. 
Cons ider ing  F ig .  6 i t  i s  seen t h a t  changes of tilt angle  d i s t r i -  
bu t ions  bo th  f o r  h e r r i n g  andcod may have cons ide rab le  e f f e c t s  on 
mean va lues  of t a r g e t  s t r e n g t h .  This  i s a m a t t e r  which can lead  
t o  ce r iouc  e r r o r s  both  i n  s i z i n g  and abundance e s t i m a t i o n .  
R e l i a b l e  e s t i m a t e s  of t a r g e t  s t r e n g t h s  of i n d i v i d u a l  f i s h  a t  
s e a  can on ly  be ob ta ined  when t h e  f i s h e s  a r e  s c a t t e r e d  . When 
such e s t i m a t e s  a r e  used t o  c a l c u l a t e  d e n s i t i e s  of school ing  f i s h  
t h e  d e n s i t y  e s t i m a t e s  w i l l  be c o r r e c t  i f  t he  tilt ang le  d i s t r i -  
b u t i o n  a r e  e q u a l  f o r  s c a t t e r e d  and school ing  f i s h .  I f  n o t ,  l a r g e  
e r r o r s  might be in t roduced .  More in format ion  on tilt ang le  
d i s t r i b u t i o n s  r e l a t e d  t o  t h e  d e n s i t y  of f i s h  c o n s e n t r a t i o n s  w i l l  
t h e r e f o r e  improve t h e  abundance e s t i m a t i o n  wi th  a c o u s t i c  equipment. 
I t  i s  impor tan t  t o  know i f  t he  t a r g e t  s t r e n g t h  obse rva t ions  made 
on stunned o r  dead f i s h  a r e  v a l i d  f o r  f r e e  swimming i n d i v i d u a l s .  
I n  t h e  exper iments  done wi th  l i v e  f i s h ,  t h e  body movements of t h e  
f i s h  were observed t o  be s i m i l a r  t o  f r e e  swimming f i s h .  Most of 
t h e  r eco rd ings  were ob ta ined  when t h e  f i s h  had a  swimming a c t i v i t y  
comparable t o  a  " f a s t  c r u i s i n g " , s i t u a t i o n .  For purposes of  
s i z i n g ,  i d e n t i f i c a t i o n  and abundance e s t i m a t i o n ,  t h e  average 
va lue  of t a r g e t  s t r e n g t h  i s  t h e  impor tan t  parameter .  Although 
t h e  f i s h  observed (Table  4 )  a r e  t o o  few f o r  s a f e  conc lus ions ,  t h e r e  
were no i n d i c a t i o n s  t h a t  t h e  observed p e r i o d i c  t a r g e t  s t r e n g t h  
v a r i a t i o n  in f luenced  t h e  mean va lue  s i g n i f i c a n t l y .  What seems 
probable ,  however, i s  an inc reased  v a r i a n c e  on t a r g e t  s t r e n g t h  
due t o  swimrning. This  i s  p a r t i q u l a r l y  c l e a r  f o r  t h e  observed 
s a i t h e .  The q u e s t i o n  of why t h e  t a r g e t  s t r e n g t h  v a r i a t i o n s  
(F ig .  8 )  seems r e l a t e d  t o  each t a i l  b e a t  c y c l e  and no t  t o  
each h a l f  c y c l e ,  can n o t  be answered from t h e s e  i n v e s t i g a t i o n s .  
The r e l a t i o n  between maximurn d o r s a l  a s p e c t  t a r g e t  s t r e n g t h  and 
t h e  ang le  between t h e  6 dB p o i n t s  i n  t h e  d i r e c t i v i t y  p a t t e r n  
(F ig .  1 0 )  show s i g n i f i c a n t  d i f f e r e n c e s  between t h e  3 s p e c i e s  
(cod,  s a i t h e  and h e r r i n g )  when the  mean va lues  a r e  cons idered .  
The va lues  f o r  l a r g e  cod and c o a l f i s h  a r e  i n  c l o s e  agreement 
wi th  t h e  f i e l d  obse rva t ions  made by M I D T T U N  and NAKKEN ( 1 9 7 1 ) .  
The v a r i a t i o n s  from specimen t o  specimen w i t h i n  t h e  same spec i e s  
a r e ,  however, l a r g e  and a  s i m i l a r  p l o t  t o  t h a t  of F ig .  1 0  of 
i n d i v i d u a l  f i s h  would show a  l a r g e  degree  of  ove r l ap .  M I D T T U N  
and NAKKEN (1971) sugges t  t h a t  such p l o t s  might be used f o r  
i d e n t i f i c a t i o n  accord ing  t o  s p e c i e s .  F ig .  10 i n d i c a t e s  t h a t  t h i s  
should be w i t h i n  reach  f o r  t h e  3 s p e c i e s  under c o n s i d e r a t i o n ,  
when they  a r e  unmixed. When mixed r eco rd ings  o c c u r , i t .  w i l l  
probably be extremely d i f f i c u l t  o r  imposs ib le  t o  d i s c r i m i n a t e  
between s p e c i e s  by t h i s  method. 
F ig .  10 shows a l s o  t h a t  t h e  d o r s a l  a s p e c t  t a r g e t  s t r e n g t h  of 
i n d i v i d u a l  cod a t  38 kHz dec rease  l e s s  wi th  tilt ang le  than f o r  
s a i t h e  and h e r r i n g .  This  means t h a t  v a r i a t i o n  i n  tilt angle  
d i s t r i b u t i o n s  might l ead  t o  l a r g e r  e r r o r s  i n  s i z i n g  and abundance 1 
e s t i m a t i o n  f o r  t h e  two l a t t e r  s p e c i e s  than  f o r  co&. For smal l  
f i s h  ( low L / A ) ,  changes i n  tilt angle  a r e  of l e s s  importance f o r  
a l l  3 spe 'c ies ,  due t o  t h e  r e l a t i v e l y  low d i r e c t i v i t y  of smal l  f i s h .  
The d a t a  p l o t  i n  F ig .  11 w i l l  f i t  a  s t r a i g h t  l i n e  r e l a t i o n s h i p  
(k  l ogh l  where k  i s  a  c o n s t a n t )  a t  t a r g e t  s t r e n g t h s  below -30 dB I 
I 
i f  t h e  mackerel i s  excluded.  The curved shape of t h e  p l o t  I 
i 
cons ide r ing  a l l  o b s e r v a t i o n s ,  a r e  probably caused by t h e  f a c t  t h a t  
merely a l l  our  d a t a a r e ~ ~ t h i n  t h e  r eg ion  of i n t e r f e r e n c e  e f f e c t s .  
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Table 1. Length distribution of observed fish. 
Species 
Length groups, cm 
5- 8- 11- 14- 17- 20- 25- 30- 40- 50- 60- 70- 80- 90- 100- Total 
7 10 13 16 19 24 29 39 49 59 69 79 89 99 130 
God 
Saithe 
Pollack 
Mackerel 
Herring 9 11 1 1 1 7  2 41 
Sprat 3 7 1 0  7 2 29 
Haddock 2 12 1 15 
Blue whiting 10 10 
Whiting 6 2 8 
Spiny dogfish 
Wrasse 
Ballan Wrasse 
Trout 
Horse mackerel 1 
~umpsucker 1 1 
Poor cod 1 1 
Prawn 1 1  2 
Total 8 26 37 15 6 35 39 108 15 28 19 2 2 1 2 .  343 , 
F-l 
W 
1 4  
T a b l e  2 .  C a l c u l a t e d  s lope  (m) a n d  c o n s t a n t  ( b )  of r e q r e s s i o n  
l i n e s .  TS = m  Logl0 L  + b,  t h e  c o r r e l a t i o n  c o e f f i c i e n t  
r ,  t h e  s t a n d a r d  error s a n d  t h e  n u m b e r  o f  f i s h  
Y X  
m e a s u r e d  N .  
S p e c i e s  F r e q .  N c m  b r s 
YX 
kHz d B  d B  d B  
Cod 3 8  7 3  2 4 . 5  - 6 6 . 6  O .  9 7 2  2 . 0 2  
1 2 0  7 2  2 4 . 6  -67 .6  0 . 9 5 5  2 . 2 8  
S a i t h e  3 8  6 8  2 3 . 3  - 6 4 . 9  0 . 9 7 5  1 . 4 4  
1 2 0  6 8  2 0 . 1  - 6 0 . 1  O .  948  1 . 8 5  
P o l l a c k  3 8  46 2 2 . 7  - 6 5 . 5  0 . 8 7 9  1 . 5 0  
1 2 0  46 1 7 . 5  - 5 6 . 4  0 . 7 5 4  1 . 8 6  
H e r r  i n g  3 8  38  1 3 . 6  -56 .8  0 . 8 5 1  1 . 5 1  
1 2 0  4 1  1 8 . 8  - 6 2 . 4  O .  8 9 0  1 . 7 9  
S p r a t  3 8  29  1 7 . 2  - 6 0 . 8  0 . 7 8 4  1 . 6 6  
1 2 0  29  2 1 . 4  -66 .  O 0 . 8 1 9  1 . 8 3  
T a b l e  3 .  Mean v a l u e s  (E) a n d  s t a n d a r d  devia t ions  ( S t . d e v . )  
of t a rge t  s t r e n g t h  a c c o r d i n g  t o  l e n g h t  ( L ) .  N i s  
t h e  number  of f i s h  m e a s u r e d .  
S w e c i e s  F r e q .  N L TS S t . d e v .  
M a c k e r e l  3 8  1 6  29  - 34 - 4 0 . 3  2 . 7  
Il 2 3  3 5  - 4 1  - 3 8 . 6  3 . 0  
1 2 0  1 6  29  - 34 - 4 1 . 9  4 . 0  
I! . 2 2  3 5  - 4 1  -40 .6  3 .6  
Horse 3 8  1 3 3  - 3 4 . 0  
m a c k e r e l  1 2 0  1 3 3  - 3 0 . 9  - 
H a d d o c k  3 8  1 3  2 8  - 3 8  - 3 2 . 1  1 . 8  
Il 1 4 8  - 2 8 .  O - 
i 1 2 0  1 4  2 8  - 3 8  - 3 0 . 7  1 . 5  
Il 1 4 8  - 2 7 . 6  - 
B l u e  3 8  1 0  3 1  - 3 5  - 3 2 . 0  1 . 8  
w h i  t i n g  1 2 0  9  3 1  - 3 5  - 3 3 . 3  2 . 7  
W h i t i n g  3 8  4 2 1  - 22 - 3 5 . 4  0 . 4  
Il 1 2 8  - 3 2 . 2  - 
Il 2  3 8 , 3 8  - 3 2 . 3  1 . 9  
1 2 0  5  2 1  - 2 2  - 3 2 .  O 1 . 9  
11 1 2 8  - 3 0 . 8  - 
Il 2  3 8 / 3 8  - 2 9 . 5  0 . 7  
S p i n y  3 8  3  8 1 , 1 2 0 , 1 2 0  - 2 2 . 8  O .  4 
dogf ish  1 2 8  3 8 1 , 1 2 0 , 1 2 0  - 2 2 . 1  4 . 2  
P r a w n  
B a l l a n  3 8  2  1 9 , 2 0  - 3 6 . 8  0 . 1  
Wrasse 1 2 0  2  1 9 , 2 0  - 3 5 . 5  O .  5  
Wrasse 3 8  2  1 7 , 2 4  -36 .  O 2 . 0  
1 2 0  2  1 7 , 2 4  - 3 5 .  O 2 . 5  
T r o u t  
L u m p s u c k e r  
P o o r  cod 
TabPe 4 .  Corresponding d o r s a l  a s p e c t  t a r g e t  s t r e n g t h  (TS, dB) 
of swimming and dead f i s h .  The swimming f i s h  a r e  t 
measured a t  tilt a n g l e s  of maximum o b t a i n a b l e  TS. 
Spec i e s ,  Mean TS Max T s  of t h e  Corresp.  TS of 
l e n g t h  i n  du r ing  s w i m .  a r e s p .  f i s h  obs.  t h e  TS-length r e l .  
cm (95% conf . l im. )  a s  dead (95% conf . l im . )  
Cod, 59 -24.3 (+5.0)  -24.6 
(-3.2) 
Cod, 69 -23.5 (+3.5)  -23.9 
( -2 .5)  
S a i t h e ,  53 - 2 7 . 0  (+8.0)  Not obs.  -24.5 ( I 2 . 8 )  
(-2.5) 
Table 5. Mean values (ATS) and standard deviations (st.dev.) 
of the di£ference between maximum dorsal and maximum 
side aspect target strength (ATS). N is the number 
of fish measured. 
Species Freq. N 03 St.dev. 
kHz dB dB 
Cod 38 7 4.0  3 .0  
1 2 0  7 2.5 2.6 
Saithe 38  2 9  0.1 1 . 6  
Herr ing 38 6 -3.5 1 . 6  
1 2 0  6 -1.2 2.2 
Sprat 38 4 -3 .0 1 .0  
1 2 0  4 -2.8 2.5 
Mackerel 3 8 6 -1.5 2 .9  
1 2 0  5 -3.0 1 .6  
Fig. 1. Experimental set up. 1) Fish suspension, 
2) hoisting system, 3) tilting system, 4) trans- 
ducers, 38 KHz and 120 KHz, 5) transducer base 
and 6 )  raft. 
- - - w - - - -  
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Recorder 
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Fig. 2. Block diagram of instrumentatbon. 
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Fig. 4. Distribution of field observations of tilt 
angle. 1) Cod (mean length 80 cm), day and 
night (OLSEN 1971), 2) herring (mean length 
13 cm), night and 3) herring, day (BELTESTAD 
1973). 
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Fig. 54. Observations of maximum dorsal aspect target 
strength on cod and the regression line. 
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Fig. 5B. Observations of maximum dorsal aspect target 
strength on saithe and the regression line. 
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Fig. 5C. Observations of maximum dorsal aspect target 
strength on pollack and the regression line. 
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Fig .  5D. Observat ions  of maximum d o r s a l  a s p e c t  t a r g e t  
s t r e n g t h  on h e r r i n g  and t h e  r e g r e s s i o n  l i n e .  
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Fig. 5E. Observations of maximum dorsal aspect target 
strength on sprat and the regression line. 
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Fig. 5F. Mean values of observations of maximum dorsal 
aspect target strength of 1) mackerel, 2) horse 
mackerel , 3) haddock , 4) blue whi ting, 5 ) whit- 
ing, 6) spiny dogfich, 7 prawn and 8) the cod 
regression line. 
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Fig .  $6. Dorsa l  a s p e c t  t a r g e t  s t r eng th - l eng th  r e l a t i o n s  
a t  38 KHz f o r  cod and h e r r i n g .  1) Observed 
maximum v a l u e s ,  11) mean va lues  f o r  tilt angles  
w i t h i n  - + 3O of angle  of  maximum va lue  ( c o r r e s -  
ponds t o  6O t r ansduce r  beam wid th)  , 111) expec- 
t e d  v a l u e s  i n  t h e  f i e l d  (de r ived  from Fig .  4 ) .  
1) F i e l d  obse rva t ion  of mean va lue  (MIDTTUN and 
NAKKEN 1971) ,  2 )  day and 3 )  n i g h t  obse rva t ions  
of tilt ang le .  
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Fig. 7. Observations of dorsal aspect target strength 
1 of a swimming saithe. A) Low, B) moderate and 
C) high swimming activity. 
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Fig. 8. Observations of dorsal aspect target strength 
of a swimming cod (69 cm). A) At zero tilt 
angle and B) at tilt angle of maximum target 
strength (5O). 
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Fig .  9 .  Targe t  s t r e n g t h  a s  a f u n c t i o n  of r o l l  ang le  
f o r  1) cod, 2 )  s a i t h e  and 3 )  h e r r i n g .  
Fig .  1 0 .   orres spond ing va lues  of maximum d o r s a l  a s p e c t  
t a r g e t  s t r e n g t h  and ang le  between p o i n t s  of  
h a l f  maximum amplitude (6dB points). 1) Cod, 
2 )  s a i t h e ,  3 )  h e r r i n g ,  4 )  and 5 )  f i e l d  obser-  
v a t i o n s  of cod and s a i t h e  (MIDTTUN and NAKKEN 
1971) .  The va lues  a r e  averaged over  t h e  i n d i -  
c a t e d  number of f i s h .  
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F i g .  11 Maximum d o r s a l  a s p e c t  t a r g e t  s t r e n g t h  o f  
i n d i v i d u a l  f i s h  a t  two f r e q u e c i e s ,  3 8  kHz 
and 120 kHz. 1) Cod, 2 )  mackere l ,  3 )  s a i t h e ,  
4 )  po l l ack  and 5 )  h e r r i n g  and s p r a t .  F u l l  
l i n e :  McCARTNEY and STUBBS 1970 ( 4 . 5  loT>) , 
broken l i n e :  c u r v e  f i t t e d  t o  t h e  d a t a .  
